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(57) ABSTRACT 

A power transmission and pedal force sensing system for an 
electric motor includes an electric motor, a gear reduction 
train, a pedal force sensing system, and a power combination 
mechanism. These four mechanisms are concentrically, 
ck sely mounted in a single casing. Hie pedal force sensing 
system includes a pedal force transmitting sleeve having an 
elastic device mounted therein, and a pedal force sensing 
sleeve mounted outside the pedal force transmission path for 
converting the pedal force into an axial displacement. A 
proximity sensor is used to detect the axial displacement and 
outputs a voltage signal representing the magnitude of the 
pedal force. The power transmission path is shortened and 
only one casing is required to house aU of the elements to 
thereby obtain a structure of a higher transmission efficiency 
and reduced volume and weight. 

19 Claims, 7 Drawing Sheets 
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POWER TRANSMISSION AND PEDAL traia, a pedal force sensing system, and a power combination 

FORCE SENSING SYSTEM FOR AN mechanism. These four mechanisms are concentrically, 

ELECTRIC BICYCLE closely mounted in the single casing. 

The power transmission system for an electric motor of 

BACKGROUND OF THE INVENTION s the present invention comprises a casing, a crankshaft for 

pedals extended through the casing, a hollow axle mounted 

1. Field of the Invention around the crankshaft, and a motor hollow shaft mounted 
The present invention relates to an electric bicycle, and aroimd the hollow axle. A left part of the motor hollow axle 

more particularly to a power transmission and pedal force is connected to an electric motor, and a right part of the 

sensing system for an electric bicycle, motor hollow axle is cormected to an input gear of a gear 

2. Description of the Related Art reduction train. The gear reduction train is preferably a 
A conventional electric bicyde generaUy comprises a Ferguson^s mechanical paradox gear that has a high gear 

high speed electric motor used as an auxihary power source, reduction ratio. An output gear of the gear reducUon ratio is 

a gear reduction mechanism for reducing speed of the motor connected to an outer periphery of an enlarged hollow end 

and increasing the output torque, and a power combining 15 of the hollow axle via a first single direction clutch of the 

mechanism for combining the power from the motor after P^wer combination mechanism. An inner periphery of the 

speed reduction and the pedaling power from the cyclist for enlarged end of the hollow axle and the crankshaft together 

subsequent transmission to a chain wheel for driving the ^^^^6 a space therebetween for receiving a pedal force 

electric bicycle at a labor-saving mode. Apedal force sensor sensing system. The pedal force sensing system includes a 

is provided on a pedal force transmission path to detect the 20 P^dal force transmitting sleeve that has an inner ring 

magnitude of the pedal force to thereby control auxihary securely mounted around the crankshaft to rotate therewith 

output power from the electric motor and an outer ring connected to the inner periphery of the 

, enlarged end of the hollow axle via a second single direction 

A transmission mechanism for the above conventional i . f i_- u * ^ c * • i 

- » J J- ♦ ♦ clutch of the power combination mechanism. The first single 

electnc bicycle mcludes a frame mounted adjacent to a . , f . , . a - \ a- i * u 

iLf. rL- I J-1J* • A 0^ direction clutch and the second smgle direction clutch are 

crankshaft of a bicycle and includmg a mam casing and an , . * * • u a- • u f *u 

, . J. J- 1 * *!. moimted to the outer penphery and inner periphery of the 

auxiliary casing arraaged in a djrection perpendicular to Je hoUow axle abng a radial direclion. The 

mam casing. The power combinmg mechamsm and the j r u n i • i _* j * u • 

, ^ . . ^ .j-.t. • other end of the hollow axle IS securely connected to a cham 

pedal force sensing mechanism are mounted m the mam . i , * . *u j i r 

• i_ -1 1 . • * J .u A wheel to rotate therewith. Thus, the pedal force is transmit- 

casmg, while the electnc motor and the gear reduction * j * u n i • *i. i u *t, a \ p 

-, • -I- • 1 -in ted to the hollow axle via the crankshaft, the pedal force 

mechanism are mounted in the auxiliary casing. Bevel gears -^^ ^ r o,, _, i c • * j 

J, c . •• oL* *' u ' transmitting force or the pedal lorce sensing system, and the 

are used for transmission. Such a transmission mechamsm , . ^, ,. ^i ^ , , ^, i_ j • *l i_ ■ 

, - . «• • * second single direction clutch to thereby drive the chain 

has a low transmission efficiency as there are too many .ij^. ir c 

- J. . .1. ' . wheel and the bicycle frame. 1 lie power from the electric 

stages for gear reduction and the transmission path is too , . ^ j . *l u n i • *u * u n 

, ^ 1 ^ . * - ^ * ^ • -J *u motor is transmitted to the hollow axle via the motor hollow 

long. In addition, the electnc motor IS not mounted inside the , , . • j ^ ^ • i j 

? . i_ . jj'*- 1 ^- A 'K'i shaft, the gear reduction train, and the first Single direction 

main casing such that additional supportmg casmg and , , L , l j • .l i. ■ l i j l- i 

. . ^ , , • A A *u' uT • ^ clutch to thereby drive the cham wheel and the bicycle 

transmission elements are required, and this results ma„ ..l . - ^l 

. „ . ^ ■ . A 4. LI* firame. By such an arrangement, the power transmission path 

bulky structure. Further, the sensmg system adopts a bolt . j.. a- ■ j 

1 / 1 ™ I 1 is shortened and thus has a higher transmission eihaency. Id 

and nut or plane cam to convert relative angular displace- , i , . . K j ■ * 

-ij-i . Lu-*, • A * :au addition, the electric motor is housed m the casing such that 

ment into axial displacement, which, in turn, is detected by . i, i . ^. n • l* u *u j j 

a proximity sensor for outputting a signal corresponding to « ^^^^^^ volume and the overaU weight are both reduced. 

amagnitudeofthepedalforce.Yet,theelementsof thepedal 1°.^^^ pedal force sensmg system, an elasuc means is 

senslg system are located on the pedal force transmission V^''^?^ ^^^^'^ }^ ■'"S ""^ he outer rmg of the 

path and are thus liable to wear. P«^*' transmitting sleeve. Apedal force sensing sleeve 

„ . . , is -nounted adjacent to the pedal force transmitting sleeve 

The present invention is mtended to provide a power .^^^^^^^ ^ ^ ^ ^^^^1 

transmisaon and pedal force sensing system that mitigates ^^^^^ crankshaft. In addition, at leas tone plane 

and/or obviates the drawbacks of the above convenUonal ^^^^^^^ ^-^ ^^^^ ^^^^ ^j^^^^ 

electnc bicycle. p^^^^j ^^^.^^ transmitting sleeve. When 

SUMMARY OF THE INVENTION pedaling, the crankshaft drives the inner ring of the pedal 

50 force transmitting sleeve and thus exerts a force on the outer 

It is a primary object of the present invention to provide ^i^g ^^^^ foj-^c transmitting sleeve such that the 

a power transmission and pedal force sensing system for an elastic means between the inner ring and the outer ring 

electric bicycle, in which the power transmission path is deforms. As a result, a relative angular displacement occurs 

shortened and the transmission efficiency is improved. between the inner ring and the outer ring. Namely, the pedal 

It is a further object of the present invention to provide a 55 force sensing sleeve and the outer ring of the pedal force 

power transmission and pedal force sensing system for an transmitting sleeve have a relative angular displacement 

electric bicycle that has a smaller volume and a lower therebetween. This relative angular displacement causes 

weight. axial displacement of the pedal force sensing sleeve, and a 

It is another object of the present invention to provide a proximity sensor is used to detect the axial displacement and 

power transmission and pedal force sensing system for an eo outputs a voltage signal representing the magnitude of the 

electric bicycle to reduce friction between elements. pedal force. Friction between the elements is eHminated, as 

In order to effectively solve the drawbacks of the con- the elements of the pedal force sensing system are not 

ventional transmission design and to achieve the above- located on the pedal force transmission path, 

mentioned objects, the present invention provides a power Other objects, advantages, and novel features of the 

transmission system and a pedal sensing system. In accor- 65 invendon will become more apparent from the following 

dance with the present invention, a casing is mounted to the detailed description when taken in conjunction with the 

crankshaft for housing an electric motor, a gear reduction aa ompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS rotor 25, a permanent magnet 26, and a seosor 27 for 

r . J detecting angular position of the rotor 25. The rotor 25 is 

FIG, 1 IS a secuonal view of a power transmission and ^^^^^^^ mounted to a right portion of the motor hoUow 

pedal force sensmg system m accordance with the pi^ent ^l. The siUcon-steel plate 22 is secured to an inner 

invention; ^ periphery of the main casing part 151 via a supporting block 

FIG. 2 is a schematic side view illustrating an electric 24. 

bicycle equipped with the power transmission and pedal gear reduction train 30 includes a sun gear 31, a 

force sensing system of the present invention; planetary gear 32, a planetary gear shaft 33, a fixed ring gear 

FIG. 3 is a sectional view of a pedal force transmitting 35, and a rotatable ring gear 37. Preferably, the gear reduc- 

sleeve of a pedal force transmitting mechanism of the jq tion train 30 is a Ferguson's mechanical paradox gear, yet 

present invention; other kinds of gear reduction trains can be used. 

FIG. 4 is an exploded perspective view of the pedal force The input sun gear 31 is mounted around the motor 

transmitting mechanism; hollow shaft 21 and acts as an input gear. The planetary gear 

FIG. 5 is a schematic view of a bearing type single 32 supported by the planet gear shaft 33 and a supporting 

direction clutch; 15 ™i ^1 meshes with and revolves round the sun gear 31. The 

FIG. 6 is a schematic view of a ratchet/pawl type single fixed ring gear 35 meshes with tbe planetary gear 32 and is 

direction clutch* secured to the inner periphery of the main caang part 151 by 

™^ - . • r,u A \ f ^ a supporting block 36. The rotatable ring gear 37 meshes 

FIG. la IS a schematic view of the pedal force sensing .Jf, ,^ , . , -ru^ 

, , 1 * u 11 1 r with the planetary gear 32 and acts as an output gear. The 

sleeve and an analog type Hall element; ^ ,^ ^0 rotatable ring gear 37 is mounted adjacent to the fixed ring 

no. lb is a view smiilar to FIG. la, wherem the Hall g^ ,.^ ^j^^ difference between the numbers of teeth 

element is cbser to the pedal force sensmg sleeve; respectively of the two ring gears 35 and 37 is relatively 

no. 8fl is a voltage/time diagram of an ou^ut of the small. For example, if the fixed ring gear 35 has forty (40) 

analog type Hall element in FIG. la; ^^^^ ^nd the rotatable ring gear 37 has thirty-eight (38) 

FIG. 8Z) is a voltage/time diagram of an output of tbe 25 teeth, when one of the teeth of one of the two ring gears 35 

analog type HaU element in FIG. lb; and 37 (e.g., the ring gear 35) aligns one of the teeth of the 

FIGS. 9fl, 9b, and 9c are schematic views illustrating olherof the two ring gears 35 and 37 (e.g., tbe ring gear 37), 

operation of the pedal force sensing sleeve and a digital type the two teeth respectively next to the above-mentioned two 

HaU element; teeth of the ring gears 35 and 37 only have a deviation of 

FIGS. lOfl, 10ft, and 10c are voltage/time diagrams cor- 30 one-twentieth of a pitch therebetween. Thus, when the 

responding to outputs of the digital type Hall element in planetary gears 32 meshed with the fixed ring gear 35 

FIGS. 9fl to 9c, respectively; and revolves round the sun gear 31, the rotatable ring gear 37 is 

HG. 11 is a block diagram illustrating operation principle moved by one-twentieth of a pitch when the planetary gear 

of the present invention. 32 travels firom one tooth to the next tooth of the fixed ring 

35 gear 35. When the planetary gear 32 revolves through 180*, 

DETAILED DESCRIPTION OF THE ^^(^^.^j, ^g,,, 37 (,,^,1^ ^^rough one (1) pitch. 

PREFERRED EMBODIMENT Accordingly, the gear reduction ratio of the rotational speed 

Referring to FIGS. 1 and 2, a power transmission and of the planetary gear shaft 33 to the rotational speed of the 

pedal force sensing system for an electric bicycle in accor- rotatable ring gear 37 is twenty (20). As a result, a high gear 

dance with the present invention generally includes a casing 40 reduction ratio can be obtained when further taking the gear 

15, an electric motor 20, a gear reduction train 30, a power reduction ratio between the sun gear 31 and the planetary 

combination mcdianism 40, a pedal force sensing mecha- gear shaft 33 into consideration. 

nism 50, and a sensor means 60. Referring to FIG. 4, the pedal force transmitting mecha- 

The casing 15 is moimted between a seat tube 101 and a ni^ B 50 includes a pedal force transmitting sleeve 51 and a 

chain stay 102 of an electric bicycle (FIG. 2). The casing 15 45 pedal force sensing sleeve 52. As shown in FIG. 1, the pedal 

includes a main casing part 151, a left casing part 152, and force transmitting mechanism 50 is mounted in a space 

a right casing part 153. As shown in FIG. 1, a crankshaft 11 encircled by the enlarged end 131 of the hollow axle 13 and 

of the bicycle extends through the casing 15 and is rotatably the left casing part 152, in which the pedal force transmitting 

supported by a bearing 16 at the left casing part 152. A sleeve 51 is securely mounted on the crankshaft U. As 

hoUow axle 13 of a chain wheel 14 is rotatably mounted 50 shown in FIG. 3, the pedal force transmitting sleeve 51 

around the crankshaft 11 by bearings 18 and 19. Hie hollow includes a rigid iimer ring 511, a rigid outer ring 513, and an 

axle 13 includes an enlarged disc-like hoUow end 131 elastic means (e.g., four elastic members 512) sandwiched 

retained in the casing 15, and the other end of the hoUow between the inner ring 511 and the outer ring 513. Each 

axle 13 extends beyond the right casing part 153, connects elastic member 512 is preferably a W-shaped spring steel 

with the chain wheel 14, and is supported by a bearing 17 in S5 plate, yet elastic members of other material and shapes can 

the right casing part 153. A motor hollow shaft 21 is be used. The elastic members 512 are deformed when the 

mounted around the hollow axle 13 via two bearings 43 and inner ring 511 and the outer ring 513 are respectively 

44, and the electric motor 20 and the gear reduction train 30 subjected to torque in opposite directions such that relative 

are mounted around the motor hollow shaft 21. In a space angular displacement between the inner ring 511 and the 

(not labeled) inside the enlarged end 131 of the hollow axle 60 outer ring 513 occurs. In addition, restraining grooves 514 

13, the pedal force sensing mechanism 50 is mounted to the are provided in the outer ring 513 to avoid excessive relative 

crankshaft 11. In addition, the power combination mecha- angular displacement to thereby prevent from damage to the 

nism 40 is mounted to an inner periphery and an outer clastic members 512 due to excessive deformation resulting 

periphery of the enlarged end 131 of the hollow axle 13, from a relatively large pedal force. The pedal force sensing 

which ^^dll be described in detail later. 65 sleeve 52 is securely mounted on the crankshaft 11 by a 

The electric motor 20 includes the hollow motor shaft 21, square key groove 55 defined in a center thereof Aside of the 

a stator comprising a silicon-steel plate 22 and a coil 23, a peHal force sensing sleeve 52 is biased by a return spring 54 
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(FIG. 1), whfle the other side of the pedal force sensing 
sleeve 52 contacts with the outer ring 513 of the pedal force 
transmitting sleeve 51, In this embodiment, plane cams 53 
are provided on the other side of the pedal force sensing 
sleeve 52 that faces the pedal force transmitting sleeve 51, 
as shown in FIG. 4. The angular position of the pedal force 
sensing sleeve 52 is the same as that of the inner ring 511 of 
the pedal force transmitting sleeve 51. As a result, the 
relative angular displacement between the inner ring 511 and 
the outer ring 513 is identical to that between the pedal force 
sensing sleeve 52 and the outer ring 513 of the pedal force 
transmitting sleeve 51. When there is a relative angular 
displacement between the two sleeves 51 and 52, the pedal 
force sensing sleeve 52 is moved axially under the action of 
the plane cams 53. The relative angular displacement is 
detected by the sensor means 60 (preferably of a proximity 
type), and a voltage signal representing the magnitude of the 
pedal force is sent out. 

The power combination mechanism 40 includes a first 
single direction clutch 41, a second single direction clutch 
42, and the hollow axle 13 for the chain wheel 14. As shown 
in FIG, 5, the first clutch 41 may be of a single direction 
bearing type that includes an inner disc 411, an outer disc 
412, and a number of rollers 413. The inner disc 411 
includes spaced grooves each of which cooperates with the 
outer disc 412 to define a wedge-like chamber 414 for 
receiving a roUer 413 therein. When the outer disc 412 
rotates clockwise relative to the inner disc 411, each roller 
413 moves toward the relatively wide area of the associated 
chamber 414 and thus cannot connect the inner disc 411 with 
the outer disc 412. Namely, the first clutch 41 is in a 
disengaged status. To the contrary, when the outer disc 412 
rotates counterclockwise relative to the inner disc 411, each 
roller 413 moves toward the relatively narrow area of the 
associated chamber 414 and thus connects the inner disc 411 
with the outer disc 412, Namely, the first clutch 41 is in an 
engaged status as the inner disc 411 and the outer disc 412 
move together. The first single direction clutch 41 is 
mounted to the outer periphery of the enlarged end 131 of 
the hollow axle 13, wherein the inner disc 411 of the clutch 40 
is secured to the enlarged end 131 of the hollow axle 13. In 
addition, the rotatable ring gear 37 of the gear reduction train 
30 is securely mounted around the outer disc 412 via a 
lateral connecting block 38 (FIG. 1). 

FIG. 6 illustrates an embodiment of the second single 
direction clutch 42. The second single direction clutch 42 
includes an inner disc 421 and an outer disc 422. A ratchet 
wheel 424 is provided on an inner periphery of the outer disc 
422. A number of grooves (not labeled) arc defined in an 
outer periphery of the inner disc 421 and each include 
therein a pawl 423 biased by a spring 425 for rcleasably 
engaging with the ratchet wheel 424 of the outer disc 422. 
When the outer disc 422 rotates counterclockwise relative to 
the inner disc 421, each pawl 423 is moved inwardly by the 
outer disc 422 and thus cannot connect the inner disc 421 
with the outer disc 422, Namely, the second clutch 42 is in 
a disengaged status. To the contrary, ^en the outer disc 422 
rotates clockwise relative to the irmer disc 421, each pawl 
423 is engaged with the ratchet wheel 424 of the outer disc 
422 and thus connects the inner disc 421 with the outer disc 
422. Namely, the second clutch 42 is in an engaged status as 
the inner disc 421 and the outer disc 422 move together. 

As shown in FIG. 1, the second single direction clutch 42 
is engaged with the inner periphery of the enlarged end 131 
of the hollow axle 13, in which the outer disc 422 is 
connected to the inner periphery of the enlarged end 131 of 
the hollow axle 13. The outer ring 513 of the pedal force 
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transmitting sleeve 51 of the pedal force sensing mechanism 
50 is connected to the inner ring 421 of the second clutch 42. 
Still referring to FIG. 1, again, the first single direction 
clutch 41 and the second single direction clutch 42 are 
disposed to the outer periphery and the inner periphery of the 
enlarged end 131 of the hollow axle 13, respectively, and are 
located on the same line in radial direction. 

When cycling, if the rotational speed of the crankshaft 11 
is higher than that of the motor after gear reduction (Le., the 
speed of the rotatable ring gear 37), the pedal force tran s- 
mitting sleeve 51 drives the hollow axle 13 ol: the _chain 
wheel li under the action of the second singl e direction 
clutch 42^ yet the hollow axle 13 does not drive the rotatable 
ring gear 37 and the connecting block 38 under the action of 
the first single direction clutch 41. At this time, the pedal 
force solely drives the chain wheel 14 and the bicycle frame. 
In the mean time, the inertia of the elements of the electric 
motor 20 shall not become a burden to pedaling. 

If the rotational speed of the crankshaft 11 is lower than 
that of the rotatable ring gear 37, the hollow axle 13 drives 
the rotatable ring gear 37 imder the action of the first single 
direction clutch 41, yet the hollow axle 13 of the chain wheel 
13 does not drive the pedal force transmitting sleeve 51 and 
the crankshaft 11 under the action of the second single 
direction clutch 42. At this time, the power of the electric 
motor 20 solely drives the chain wheel 14 and the bicycle 
frame. In the mean time, the inertia of the crankshaft 11 shall 
not become a burden to the power of the electric motor 20, 
and the pedals of the bicycle shall not be forcibly driven by 
the electric motor 20. 

If the rotational speed of the crankshaft 11 is equal to that 
of the rotatable ring gear 37, the pedal force transmitting 
sleeve 51 and the rotatable ring gear 37 together drive the 
hollow axle 13 under the action of the first and second single 
direction clutches 41 and 42. At this lime, the pedal force 
and the power of the electric motor 20 are combined at the 
hollow axle 13 and together drive the chain wheel 14 and the 
bicycle frame. 

The sensor means 60 may include an analog output type 
Hall element 61 (FIGS, la and lb) for sensing pedal force, 
a digital output type Hall element 62 (FIGS. 9a, 9b, and 9c) 
for sensing rotational speed of the pedals, and a Hall element 
63 (FIGS. 9fl, 9b, and 9c) for sensing rotational speed of the 
electric motor 20, each Hall element 61, 62, 63 having a 
biased permanent magnet 64, 65, 66 mounted to a rear side 
thereof As shown in FIG. 7a, the Hall clement 61 for sensing 
pedal force faces the pedal force sensing sleeve 52. When 
the pedal force is small, the magnetic-flux-density of the j 
magnetic lines of the magnet 64 that pass through the Hall / 
element 61 is small such that the Hall element 61 outputs a/ 
voltage signal of a low value (e.g., 1 volt, see FIG. 8fl)J 
Wh en the pedal force is larger, the pedal force sensi n^sleeya 
52 is tnoved to a jocation closer to the Hall element 61. 
a^fesultrthe magnetic-fltix -density of the magnetic hnes ot 
the magnet 64 that pass through the Hall element 61 is largef 
such that the Hall element 61 outputs a voltage signal of \ 
high value (e.g., 5 volt, see FIG. 8fc). 

Referring to FIG. 9a, the Hall element 62 for sensing 
rotational speed of the pedals faces outer teeth 521 (for 
sensing rotational ^eed of pedals) formed on an outer 
periphery of the pedal force sensing sleeve 52. When the 
tooth root passes through the Hall element 62 (FIG. 9a), the 
magnetic-flux-density of the magnetic hnes of the magnet 65 
that pass through the Hall element 62 is small such that the 
output voltage signal of the HaU element 62 is low (the 
logical output is '0', see FIG. 10a). When the tooth crest 
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passes through the Hall clement 62 (FIG. 96), the magnetic- tion clutch 41 is in an engaged status while the second single 

fiux-dcnsity of the magnetic lines of the magnet 65 that pass direction clutch 42 is in a disengaged status such that the 

through the HaJl clement 62 is greater such that the output power of the electric motor 20 solely drives the chain wheel 

voltage signal of the Hall element 62 is high (the logical 14 and the bicycle frame. When the rotational speed of the 

output is see FIG. 10b), The resultant output voltage 5 pedals is equal to the rotational speed of the electric motor 

signal of the Hall element 62 corresponding to rotational 20 after gear reduction, the first and second single direction 

movement of the pedal force sensing sleeve 52 (FIG. 9c) is clutches 41 and 42 are both in an engaged slams such that 

shown in FIG. 10c. The higher the rotational speed of the the pedal force and the power of the electric motor 20 

pedals, the higher the frequency of the impulse signals in together drive the chain wheel 14 and the bicycle frame. 

FIG. 10c. JO According to the above description, the power transmis- 

Still referring to FIG. 9a, the Hall element 63 for sensing sion and pedal force sensing device of the present invention 

rotational speed of the electric motor 20 faces peripheral includes the following advantages: 

teeth 381 (for sensing rotational speed of the electric motor The power transmission path is shortened, and the 

20) formed on a side of the connecting block 38 for the transmission efficiency is improved, 

rotational ring gear 37. When the tooth root passes through 15 2. Factional wear to the pedal force sensing elements is 

the Hall element 63 (FIG. 9a), the magnetic-flux-density of eliminated, as the pedal force sensing elements are not 

the magnetic lines of the magnet 66 that pass through the located on the pedal force transmission path. 

Hall elemem 63 is small such that the output voltage signal 3 ^^^^^ ^^^^^^ ^ ^j^^ ^^^^^ ^^-^^^ 

of the HaU element 63 is low (the logical output is see ^^^^^^^ ^^^^^ ^ mounted in the casing. 

FIG. 10a). When the tooth crest passes through the Hall ^ Although the invention has been explained in relation to 

element 63 (FIG. 96), the magnetic-flux-density of the -^^ p^efeaed embodimem, it is to be understood that many 

magneuc Imes of the magnet 66 that pass through the Hall ^^^^ possible modifications and variations can be made 

element 66 is greater such that the output voltage signal of ^.^^^^^ departing from the spirit and scope of the invention 

the HaU element 63 is high (the logical output is ' r , see FIG. ^ hereinafter claimed. 

106). The resultant output voltage signal of the Hall element 25 w^at is claimed is: 

63 corresponding to rotational movement of the peripheral j ^ transmission system for an electric motor 

teeth 381 of the connecting block 38 (FIG. 9c) is shown in ^. ^ ^^^^^ ^ ^^^^^^ comprising: 

FIG- 10c. The higher the rotational speed of the electric 

motor 20, the higher the frequency of the impulse signals in ^ casing, 

i^f /-^ iA 1 J jro~ ^ crankshaft adapted for attachment to pedals and extend- 

FIG. 10c. 30 • L • 

^ , , . . , ^ . , . -11 i_ ing through the casmg. 

Operational pnnciple of the present mvention will be . * f . * , . 1 u j • 1 j 

described in detail with reference to HGS. 1 and 11. When ^ hollow axle mounted around the crankshaft and mclud- 

cycling, the pedal force is transmitted to the hollow axle 13 ^ ^Jf^^""^ casing and a second end extending 

vL the cranl^haft 11, the pedal force transmitting sleeve 51, ^^^^^f the casmg and adapted to be securely connected 

andthesecondsingledirectionclutch42,therebydrivingthe 35 to a chain wheel to rotate therewith 

chain wheel 14 and the bicycle frame. In the mean time, the ^ "^o^^^ ^^110^ ^haft mounted around the hollow axle, the 

pedal force also causes axial displacement of the pedal force crankshaft, the hollow axle and the motor hollow shaft 

sensing sleeve 52 such that the sensor means 60 outputs an ^^^^g concentncally arranged m sequence, wherein the 

analog voltage signal representing the magnitude of the ^^^^r is adapted to be mounted around an end of the 

pedal force, a first digital logic signal representing rotational 40 motor hoUow shaft and the stater is adapted to be fixed 

speed of the pedals, and a second digital logic signal ^ '"^^^ periphery of the casmg, 

representing rotational speed of the electric motor 20 to a a gear reduction tram mounted to the end of the motor 

controUer 103 (FIG. 1). The controller 103 calculates pro- hollow shaft, and 

portion of the auxiliary power corresponding to the rota- a power combination mechanism for combining pedaling 

tional speed of the pedals represented by the first digital 45 power from the crankshaft and power from the electric 

logic signal. Then, the detected pedal force value is multi- motor at the hollow axle to thereby drive the chain 

plied by the proportion value of the auxiliary power and thus wheel. 

obtains a command value for the auxiliary power. 2. The power transmission system for an electric motor as 

Thereafter, the voltage command for the electric motor 20 claimed in claim 1, wherein the hollow axle includes an 

and relative pulse width modulating factor are calculated 50 enlarged hollow end with an inner periphery and an outer 

when taking the rotational speed of the electric motor 20 into periphery, and wherein the power combination mechanism 

consideration. A time ratio for controlling rapid opening/ includes a first single direction clutch mounted to the outer 

closing of power transistors can thus be controlled. The periphery of the enlarged hollow end of the hollow axle and 

pulse width modulating signal decides electricity from the connected to the gear reduction train and a second single 

battery unit 104 (FIG. 1) to the electric motor 20. Thus, the 55 direction clutch mounted to the inner periphery of the 

electric motor 20 may output a proper torque as an auxiliary enlarged hollow end of the hollow axle and connected to the 

power that is transmitted to the hollow axle 13 via the motor crankshaft, the second single direction clutch, the enlarged 

hollow shaft 21, the gear reduction train 30, and the first hollow end of the hollow axle, and the first single direction 

single direction clutch 41. clutch being arranged on a line in sequence along a radial 

Again, when the rotational speed of the pedals is higher 60 direction of the crankshaft, 

than the rotational speed of the electric motor 20 after gear 3. The power transmission system for an electric motor as 

reduction, the first single direction clutch 41 is in a disen- claimed in claim 2, wherein the gear reduction train is a 

gaged status while the second single direction clutch 42 is in Ferguson's mechanical paradox gear that includes: 

an engaged status such that the pedal force solely drives the an input sun gear mounted around the motor hollow shaft 

chain wheel 14 and the bicycle frame. When the rotational 65 to rotate therewith, 

speed of the pedals is lower than the rotational speed of the a planetary gear meshed with and revolving roimd the 

electric motor 20 after gear reduction, the first single direc- input sun gear, 
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a fixed ring gear meshed with the planetary gear and 
seoirely attached to the inner periphery of the casing, 
and 

an output rotatable ring gear meshed with the planetary 
gear and connected to the first single direction clutch of ^ 
the power combination mechanism via a connecting 
block, the output rotatable ring gear and the fixed ring 
gear have a small difference in the numbers of the teeth 
thereof. 

4. The power transmission system of claim 1, further 1° 
comprising, in combination, said electric motor. 

5. A pedal force sensing system for an electric bicycle, 
comprising: 

a crankshaft for pedals, 

a pedal force transmitting sleeve including an inner ring 
securely mounted around the crankshaft to rotate 
therewith, an outer ring surrounding the inner ring, and 
an elastic member mounted between the inner ring and 
the outer ring, wherein when the inner ring and the ^ 
outer ring rotate relative to each other, the elastic 
member is deformed for generating a relative angular 
displacement between the inner ring and the outer ring, 

a pedal force sensing sleeve mounted around the crank- 
shaft and adjacent to the pedal force transmitting 25 
sleeve, the pedal force sensing sleeve including a first 
side and a second side, 

at least one plane cam provided on the pedal force 
transmitting sleeve that faces the pedal force sensing 
sleeve such that when the pedal force sensing sleeve 30 
rotates relative to the pedal force transmitting sleeve, 
the pedal force sensing sleeve has a displacement 
relative to the crankshaft, and 

a sensor for sensing the displacement of the pedal force 
sensing sleeve relative to the crankshaft and outputting 35 
a voltage signal representing a magnitude of a pedal 
force. 

6. The pedal force sensing system for an electric bicycle 
as claimed in claim 5, further comprising a return spring 
including a first end attached to the first side of the pedal 40 
force sensing sleeve and a second end securely attached to 
the crankshaft. 

7. The pedal force sensing system for an elecUric bicycle 
as claimed in claim 5, wherein the pedal force sensing sleeve 
includes a square key groove so as to be securely mounted 45 
on the crankshaft. 

8. The pedal force sensing system for an electric bicycle 
as claimed in claim 4, wherein the inner ring and the outer 
ring of the pedal force transmitting sleeve include at least 
one restraining groove defined therebetween to avoid exces- 50 
sive relative angular displacement resulting from an exces- 
sive pedal force, thereby preventing damage to the elastic 
member. 

9. The pedal force sensing system for an elecU-ic bicycle 

as claimed in claim 5, wherein the sensor includes a first Hall 55 
element for sensing magnitude of the pedal force and 
outputting an analog voltage output, a second Hall element 
for sensing rotational speed of pedaling and outputting a 
digital output, and a third Hall element for sensing rotational 
speed of an electric motor. 60 

10. The pedal force sensing system for an electric bicycle 
as claimed in claim 5, wherein the sensor is a proximity 
sensor for detecting the displacement of the pedal force 
sensing sleeve and outputting a voltage signal representing 
magnitude of the pedal force. 65 

U. A power transmission and pedal force sensing system 
for an electric motor having a rotor and a stator, comprising: 
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a casing, 

a crankshaft adapted for attachment to pedals and extend- 
ing through the casing, 

a hollow axle moimted around the crankshaft and includ- 
ing a first end in the casing and a second end extending 
beyond the casing and adapted to be securely connected 
to a chain wheel to rotate therewith, 

a motor hollow shaft mounted around the hollow axle, the 
crankshaft, the hollow axle and the motor hollow shaft 
being concentrically arranged in sequence, wherein the 
rotor is adapted to be mounted around the end of the 
motor hollow shaft, and the stator is adapted to be fixed 
to an iimer periphery of the casing, 

a gear reduction train mounted to the end of the motor 
hollow shaft, 

a power combination mechanism for combining pedaUng 
power from the crankshaft and power from the electric 
motor at the hollow axle to thereby drive the chain 
wheel, 

a pedal force transmitting sleeve including an inner ring 
securely mounted around the crankshaft to rotate 
therewith, an outer ring sunounding the inner ring, and 
an elastic member motmted between the inner ring and 
the outer ring, when the inner ring and the outer ring 
rotate relative to each other, wherein the elastic mem- 
ber is deformed for generating a relative angular dis- 
placement between the inner ring and the outer ring, 

a pedal force sensing sleeve mounted around the crank- 
shaft and adjacent to the pedal force transmitting 
sleeve, the pedal force sensing sleeve including a first 
side and a second side, 

at least one plane cam provided on the pedal force 
transmitting sleeve that faces the pedal force sensing 
sleeve such that when the pedal force sensing sleeve 
rotates relative to the pedal force transmitting sleeve, 
the pedal force sensing sleeve has a displacement 
relative to the crankshaft, and 

a sensor for sensing the displacement of the pedal force 
sensing sleeve relative to the crankshaft and outputting 
a voltage signal representing a magnitude of a pedal 
force. 

12. The power transmission and pedal force sensing 
system for an electric motor as claimed in claim 11, wherein 
the hollow axle includes an enlarged hoUow end with an 
inner periphery and an outer periphery, and wherein the 
power combination mechanism includes a first single direc- 
tion clutch mounted to the outer periphery of the enlarged 
hollow end of the hollow axle and connected to the gear 
reduction train and a second single direction clutch mounted 
to the inner periphery of the enlarged hollow end of the 
hollow axle and connected to the crankshaft, the second 
single direction clutch, the enlarged hollow end of the 
hollow axle, and the first single direction clutch being 
arranged on a fine in sequence along a radial direction of the 
crankshaft. 

13. The power transmission and pedal force sensing 
system for an electric motor as claimed in claim 12, wherein 
the gear reduction train is a Ferguson's mechanical paradox 
gear that includes: 

an input sun gear mounted around the motor hollow shaft 

to rotate therewith, 
a planetary gear meshed with and revolving roimd the 

input sun gear, 
a fixed ring gear meshed with the planetary gear and 

securely attached to the iimcr periphery of the casing, 

and 
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an output rotatable ring gear meshed with the planetary 
gear and connected to the first single direction clutch of 
the power combination mechanism via a connecting 
blodc, the output rotatable ring gear and the fixed ring 
gear have a small difference in the numbers of the teeth 
thereof. 

14. The power transmission and pedal force sensing 
system for an electric motor as claimed in claim 11, further 
comprising a return spring including a first end attached to 
the first side of the pedal force sensing sleeve and a second 
end securely attached to the crankshaft. 

15. The power transmission and pedal force sensing 
system for an electric motor as claimed in claim 11, wherein 
the pedal force sensing sleeve includes a square key groove 
so as to be securely mounted on the crankshaft. 

16. The power transmission and pedal force sensing 
system for an electric motor as claimed in claim 11, wherein 
the iimer ring and the outer ring of the pedal force trans- 
mitting sleeve include at least one restraining groove defined 
therebetween to avoid excessive relative angular displace- 
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ment resulting from an excessive pedal force, thereby pre- 
venting damage to the elastic member. 

17. The power transmission and pedal force sensing 
system for an electric motor as claimed in claim 11, wherein 
the sensor includes a first Hall element for sensing magni- 
tude of the pedal force and outputting an analog voltage 
output, a second Hall element for sensing rotational speed of 
pedaling and outputting a digital output, and a third Hall 
element for sensing rotational speed of the electric motor. 

18. The power transmission and pedal force sensing 
system for an electric motor as claimed in claim U, wherein 
the sensor is a proximity sensor for detecting the displace- 
ment of the pedal force sensing sleeve and outputting a 
voltage signal representing magnitude of the pedal force. 

19. The power transmission and pedal force sensing 
mechanism of claim 11, further comprising, in combination, 
said motor. 
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